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(54) . Retainer for a stentvcarryrhg balloon catheter, : \ 

(57) " A retainer^ i M^i^^b^^o^^ ^ [* cSntly covers a; distaVend of the balloon catheter without 
which.prevents rolling up otthe^stal.end ofaprote'etive ^ejn^eqgred thereto,. The retainer extends over and 
sheath during advanceme^Qftthe Catheter in a vessel, ' .encloses the expandable sheath, and is secured to the 
such as a coronary , artery.' .The sheath distal end adja- , - . distat end of the balloon catheter, without securing the 

,\v y . --k :^yi*rv:>' \. sheath' distal end^ to the balloon catheter. • 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] This invention relates to a protective retainer 
for protecting the distal end of a balloon catheter assem- 
bly, for example of the kind used in delivering an intra- 
vascular stent. 

Description of the Related Art 

[0002] In a typical percutaneous transluminal coro- 
nary angioplasty (PTCA) for compressing lesion plaque 
against the artery wall to dilate an arterial lumen, a guid- 
ing catheter is introduced percutaneously into the car- 
diovascular system of a patient through the brachial or 
femoral artery and is advanced through the vasculature 
until the distal end is in the ostium. A guide wife and a 
dilatation catheter having a ballon on the distal end are 
introduced through the guiding catheter with the guide 
wire sliding within the dilatation catheter, The guide wire 
first is advanced out of the guiding catheter into the cor- 
onary vasculature of the patient, and the dilatation cath- 
eter is advanced over the previously positioned guide 
wire until the dilatation balloon., is properly oriented 
across the lesion.. Once in position. across the lesion,, a 
flexible, expandable :( pre-formed balloon is inflated to a 
pre-determined size at relatively high pressures to radi- 
ally compress the atherosclerotic plaque of the lesion 
against the inside of the artery wall and thereby to dilate 
the lumen of the artery. The bajloon then is deflated. to 
a small profile, so that the dilatation catheter can be with- 
drawn from the vasculature and the blood flow resumed 
through the dilated artery While this procedure is typi- 
cal, it is not the only method used in angioplasty 
[0003] ln ; angioplasty procedures of the kind de- 
scribed above, a restenosis of the artery often occurs, 
which may require another angioplasty procedure, a 
surgical bypass operation, or some other method of re- 
pairing or strengthening the area. To reduce the chance 
of the development of restenosis and to strengthen the 
area, a physician can implant an intravascular prosthe- 
sis, typically called a stent, for maintaining vascular pa- 
tency. A stent is a device that is used to hold tissue in 
place or to provide a support for a vesseJ to hold it open 
so that blood flows freely. A variety of devices are known 
in the art for use as stents, including expandable tubular 
members, in a variety, of patterns, .that. are capable of 
being crimped onto a balloon catheter, and then. being 
expanded upon being positioned intraluminal^ on the 
balloon catheter, and which can retain the post-deploy- 
ment form. Typically, the stent is loaded, and crimped 
onto the balloon portion of the catheter, and then is ad- 
vanced to a location inside the artery, at the lesion. Jhe 
stent subsequently is expanded to a larger diameter, by 
the balloon portion of the catheter, to implant the f stent 



in the artery at the lesion. Typical stents and stent de- 
livery systems are more fully disclosed in, U.S. Patent 
No. 5,514,154 (Lau et al.) and Us. Patent No. 
5,507,768 (Lau et.al.) , 
• 5 [0004] When an over-the-wire catheter or a rapid ex- 
change-type catheter is used to deploy a stent, in order 
to protect the balloon portion of the catheter from the 
metal stent, and to effect a more secure attachment in- 
terface, a protective tubular sheath may be placed over 
10 the balloon portion, and the. stent may be crimped onto 
the sheath. In some prior art devices, the sheath may 
be attached to the proximal and distal ends of the cath- 
eter. However; if the balloon ruptures. the fluid used to 
inflate the balloon can become trapped in the* sheath, 
*s such that the sheath may assume an inflated state and 
consequently may interfere with withdrawal of the cath- 
eter from .the patient. If the sheath is open at the distal 
end,. so as to prevent the inflation fluid from becoming 
trapped therein, the sheath undesirably may roll, up 
20 when the catheter is advanced into a vessel or artery. 

SUMMARY OF THE INVENTION 

[00(35] Through its various embodiments, the present 
25 invention attempts to solve the problems, associated 
.with i . prior art. balloon catheters which have been used 
. to deljyer^JntravascuJgr stents. t , 
.[0006], .Preferred embodiments are. directed to.a re- 
tainer for an over ( rthe : wire or, .rapid exchange ("RX") 
30 stent-carrying balloon catheter, wherein the retainer 
prevents the protective sheath from rolling up at the dis- 
tal end thereof , when the catheter is advanced through 
an artery.or pther blood vessel. The distal end of the 
sheath adjacently covers the distal end of the balloon 
35 catheter but is not attached to the balloon catheter distal 
end. 

[0007] In one embodiment of the present invention, 
the retainer is tubular, extends over and encloses the 
distal end of the protective sheath, and is secured to the 

^0 distal end of the catheter, to prevent the sheath from 
rolling up during insertion of the catheter in the artery of 
the patient The sheath distal end is not secured to the 
balloon catheter, so as to prevent trapping of inflation 
fluid therein if the balloon ruptures. The retainer is 

45 formed from an elastic, flexible material and can be at- 
tached to the catheter distal end by, for example, laser 
welding. The tapered distal tip of the retainer is soft.and 
atraumatic to facilitate advancement through the artery 
or other, vessel. ; 

so [0009] These, and. other advantages, of. the invention 
will become more apparent from the following detailed 
description thereof when taken in. conjunction with the 
accompanying drawings. . . : _ 

55 BRIEF-DESCRIPTION OF THE DRAWINGS 

[0009] FIGURE 1 is an axial cross -sect ion of the distal 
portion of a stent delivery catheter having an elastic 
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Tnembrane'co^ erf the catheter 

and catheter ;siflaft;v/hVrelhe balloon is in the'deflated 

state"' ' J ' ' ' !","'.*.'',/■■* 
[001 0] FIG. 2 is an axial cross : sectibn of the distal end 
of the stent delivery catheter of FIG >i in which the bal- 
loon and elastic membrane are inflated. • 
[0011] FIG. 3 is a cross-sectional view of a preferred 
'embodiment of the invention, depicting the retainer cov- 
^ering the distal end of the protective sheath and the dis- 
tal end of the stent delivery catheter.' 

' ' D E TAl L E D' D E S C Rl PTl Q N OF :c THE- PREFERRED •* 
'" EMBODIMENTS 7 "- ' / v " 

[0012]' After an angioplasty procedure; whether per- 
formed as a PTCA procedure, through use 'Of athere'c- 
' tomy* devices, or otherwise accomplished by' removing 
or reducing a stenotic lesion,' it is desirable- to deliver 
and implant' an intravascular stent. If "has beenaeter- 
mined that intravascu lar stents ' not only ' "support a iu- 
men, but also may reduce the likelihood of the develop- 
ment of restenosis therein-.-- ■ — '- 
[0013] A stent delivery catheter, having a balloon at 
itsdistai and, typically is used fo deliver and implant the 
-'stent within 'the body lumen, such as *a 'coronary* arte ry. 
■ In order to 'protect- the baliBbn' ano' id ; mbrV secUr^ 
tach the stent to the calfieYeT^ 
" artery, a protective tubuWstteatR\ 'w^]chM^pica^ J t6^n 
elastic'membVane'/c^ the Walloon 
portion of the catheter: 'irroVBer to prevent tWe'distafefid 
' of the protective sheath fram^cuHing ^Tdurhtf^^feiry 
of the stent, a retainer, form'ea'f rom a sub^tan^ially elas- 
tic material, is placed over the distal end of the 'protective 
sheath."' ~ . [ 
[0014] As shown in FIGS. T and 2, the catheter 5 has 
attached at its distal end an elastic, resilient, membrane 
* layer 10', that forms a tubular sheath 20 bver the baltoon 
' 35^ The membrane layer 10 may be formed of any suit- 
: able material that is elastic and resilient. The material 
from which the membrane layer is formed preferably is 
one that has a high degree of linearity (non-plasticity) 
for a wide range of stress and strain values. Commer- 
cially available tubing such as C-FLEX tubing can be 
used; 'C-FLEX tubing may be obtained from Concept 
Polymer Technologies of Largo, Florida/ U.S.A. In addi- 
tion, the material should have good tear strength to pre- 
vent fracturing or splitting "when' it" is stretched.' Suitable 
materials include silicones,- latexes, urethanes, pdlysi- 
loxane modified styrene-ethylene/butylene-styrene 
block copotyitiers r (SEBSy : any the families of materials 
associated therewith! v 1 1 ' \' 
[001 5] As is- showirv in FIG. 2? the memBrane layer 10, 
in the form of a tubular sheath-20 haVihg a proximal' end 
25 and a distal end 30, surrounds the outside of the bal- 
loon 35 of. a balloon catheter^ The-tubul'ar sheath 20 
is affixed by adhesive to the catheter 5 at a point 45 on 
the catheter shaft or outer member 50 : ;'with'the point45 
lying at the proximal end 25'ofthe tubular sheath and 



lying outside the balloon 35 of the catheter,' Which has 
a proximal portion 37. The balloon is affixed to the cath- 
eter shaft at the balloon proximal portion 37 r *such as by 
adhesive or laser welding. 
' 5 [0016] It can be seen how the sheath 20 entirely over- 
lies and covers the underlying balloon 35 of the catheter. 
-As Is known in the art/the balloon 35 of the catheter 5 
either is bonded to the outer member 50 or is made one- 
piece with the outer member. The catheter balloon can 
10 be inflated by an inflation fluid from an inflating : port (not 
shown) which extends from a lumen contained in the 
catheter shaft, or by other means, depending on the de- 
sign of the catheter, such as by fluid communicated from 
a passageway formed between the outside of the cath- 
15 eter shaft and the membrane forming the- balloon. The 
details and mechanics of balloon inflation vary accord- 

* ing to'the'deslgn of the catheter; and are known in'the 
■art. 1 ' ■ ' ( ' ,! ' \; 
' [0017n[ ;:, 'Vn the preferred embodiment, the balloon 35 

20 - has a d'isWen'd 36 and a proximal and 37, both of which 

* are 1 completely covered oy the tubular sheath 20. As can 
be seen from the drawings, the tubular sheath 20 is af- 

c fixed to the catheter outer member 50*at a point 45 just 
'proximal to' ! the proximal end 37 of the balloon:*35,-so 
" 25 that the tubblar sheath 20 overlies the entire balloon por- 
'•Ifon of the catheter. ; ' . ' 

~ [0018] '14s is shown ih FIGS. t : Wid 2, the catheter 5 
"* hasah-a^ial^ 50, which pass- 

: e^ ^cveV a 1 guide wire 55" the tubular sheath 20 is at- 
tached to 1 the catheter outer member 50 at a point 45 
" proximal to the balloon 35. the distal end 30 of the tu- 
! - bular sheath 20 \s n6\ attached "io the balloon- 35 or to 
■ the' catheter outer member 50 because - in the event of 
a rupture, the sheath 20 will be fastened at the proximal 
35 end, upstream from the Ideation of the tear, and thus the 
sheath will be prevented from curling or bunching when 
the catheter is withdrawnfThe distal end of the tubular 
sheath is not attached and remains open. If the balloon 
ruptures when it is inflated, any inflation fluid released 
40 will pass out through the open distal end of the tubular 
sheath 20. 

[0019] ' Although the drawing figures depict an over- 
the-Wire balloon catheter; embodiments of the invention 
may be used with any other type of catheter, including 
45 rapid-exchange balloon catheters. 

[0020]' Further, the tubular sheath 20 may be attached 
; to the catheter not only by adhesive or laser bonding, 
but also by mechanical means. For example, the sheath 
-"may be attached by mechanical means -such as fasten- 
so : ers that are 'made of radiopaque material, such as radi- 
opaque collars around the proximal end of the sheath, 
^to better define the outerTrmits of r the sheath' for a fluor- 
oscopic viewirig. ■ " 

[0021] After securing the -elastic tubular sheath 20 to 
"55 thVcatheter 5, a stent 60 ! is positioned over the sheath. 
"The stent typically is at least 15 mm long, while the tu- 
ibular sheath 20 typically is about 30 mm long; the sheath 
"always being longer than the stent and the balloon. - : 
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[0022] The stent 60 is positioned.over the sheath 20 
and the balloon 35 of the catheter 5 und is crimped tight- 
ly onto the tubular sheath 20 either by hand or with a 
tool, such as crimping pliers. The tubular sheath pro- 
vides a cushion or substrate onto which the stent is 
crimped, to further help secure the stent onto the sheath 
and therefore onto the balloon portion of the catheter. 
The elastic membrane may be made of material with a 
high coefficient of friction to help the stent tightly grip the 
balloon. 

[0023] Turning to FIGS. 1-3, and particularly FIG. 3, 
a retainer 70 having a proximal end 71 and a distal end 
72 is positioned over the distal end 30 of the tubular 
sheath 20 As described, the distal end 30 of the tubular 
sheath 20 is not attached to the catheter 5, the outer 
member 50 of the catheter 5, or the balloon 35. In other 
words, the distal end 30 of the tubular sheath 20 is in- 
tended to remain unattached in the unlikely event of a 
balloon rupture, so that balloon inflation fluid can pass 
freely into the patient's vessel rather than causing the 
tubular sheath to expand, which may impede removal 
of the catheter from the patient. 

[0024] The retainer 70 has a tapered or necked soft 
tip 73 which is somewhat flexible and atraumatic so that 
the distal end 72 of the retainer 70 does not injure the 
patient's vessel wall during the delivery of the stent. The 
retainer 70 can be formed from a highly flexible and elas- 
tic material such as that manufactured under the trade- 
mark "HYTREL", by the E.I. Du Pont de Nemours Com- 
pany. As more clearly depicted in FIG. 3, the proximal 
end 71 of the retainer 70 completely surrounds the distal 
end 30 of the tubular sheath 20, and due to its elastic 
properties, the retainer will tightly hold the distal end 30 
on the catheter 5. 

[0025] In order to secure the retainer 70 to the cath- 
eter, the retainer 70 is attached to the catheter 5 by a 
laser bond 74. It will be understood by those skilled in 
the art that other forms of attaching the retainer 70 to 
the catheter 5 are available, such as adhesives, heat 
sealing, and the like. 

[0026] During delivery of the stent through the pa- 
tient's vascular system, especially the coronary arteries, 
there will be tortuous passageways requiring the cath- 
eter 5 to be moved axially back and forth as the catheter 
is delivered over the guide wire 55. The retainer 70 pro- 
vides the dual purpose of an atraumatic tip 73 which pro- 
tects the vessel wall from injury, and prevents the distal 
end 30 of the tubular sheath 20 from curling up during 
the back and forth movement. 

[0027] The retainer 70 can overlap the distal end 30 
of the tubular sheath 20 by between 2 mm and 20 mm. 
The range of overlap is representative only, and can 
vary widely depending upon the application and the par- 
ticular catheter assembly being used. The distal end 72 
of the retainer 70 extends beyond the distal end of the 
catheter 5 a distance that insures that the tip 73 be at- 
raumatic, yet will not interfere with the sliding movement 
of the catheter 5 over the guide wire 55 (not shown in 
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.FIG. 3).. 

.,[0028] The retainer 70 is made from a relatively thin 
material, to insure that the catheter assembly maintains 
-a low profile during delivery. Thus, the retainer 70 should 
5 be in the range of about 0.025 to 0.076 mm (.001 0 to . 
0030 inch) thick, and preferably about 0.038 mm (.0015 
inch) thick. As will be understood by those skilled in the 
art, the objective is to maintain low profile delivery and 
the thickness of the retainer may vary widely depending 
to upon the catheter delivery system used, as well as the 
application. For example, for stent delivery and implan- 
tation in a saphenous vein, where the diameter of the 
vessel is relatively large, a large delivery diameter and 
a, retainer having a thicker wall section is acceptable 
is even though smaller dimensions would be needed for 
deploying a stent in a coronary artery, where low profile 
diameters are essential. 

[0029]. The balloon catheterthen is advanced overthe 
guide wire 55 and is positioned in the patient's vascula- 

20 ture, so that the stent is adjacent to the portion of the 
vessel where treatment is to take place. The balloon is 
inflated along with the . elastic tubular sheath, but not the 
retainer, to expand. the. stent to^an enlarged diameter. 
During expansion, the sheath provides benefits such as 

?5 protecting thecal loon Jfom rupture, preventing pinhole 
effects, preventing distortion, pf 5 .the stent, into a "dog 
bone" shape, promoting even expansion of the stent, 
i and discqura9ing : the stent from moving axially along the 
catheter. When.theTstent has reached.the desired diam- 

30 r . eter, the balloon is, deflated. ^During. deflation the tubular 
sheath reduces deflation time; allows the balloon to col- 
. lapse in a uniform manner and prevents the balloon from 
assuming a "pancake' 1 shape. 

[0030] While in the preferred embodiment the balloon 

35 . delivery catheter is the same or is similar to that used in 
therapeutic coronary angioplasty, it will be appreciated 
by those skilled in the art that modifications may be 
made to the present invention to allow the present in- 
vention to be used to implant any type of prosthesis. The 

40 present invention is not limited to stents and balloon de- 
livery catheters that are deployed in a patient's vascu- 
lature, but has wide applications to delivering and im- 
planting any type of graft, prosthesis, liner or similar 
structure. Further, the stent may be delivered by the bal- 

4 5 loon delivery catheter not only into coronary arteries, but 
into any body lumen, such as saphenous veins, periph- 
eral veins and arteries, and other body lumens. Other 
. modifications can be matte to the present invention by 
those skilled in the art without departing from the scope 

50 thereof. ... 



Claims 

1. A. device for .protecting the distal end (30) of a 
z sheath (20) and the distal end of a balloon catheter 
- . (5) of the kind used to deliver, and implant a stent 
(60), comprising:, 
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'3. 



'4. 



a retainer (70) tor enclosing the distal end of 
1 - : the sheath without securing'the distal end of the 
: sheaMld th'e'tsaflbon T catheter; and 

rheahs (74) for attaching 1 'the retainer to the'dis- 
tai end of the balloon catheter. :| ' : " " 

The device of claim 1, therein the- retainer (70) is 
"generally tubular in shape. - 

ThVdevice'of claim 1, wherein the retainer (70) in- 
cludes a tip portidh (73) which extends beyond-the 
distal end of the balloon catheter. 

' 'The'device of claim 1 , wherein the attaching means 
' (74) comprise a laser weld. - ■ ■ 



- - /; " in 6f the'ballboh catheter; and 1 ■ 

' r ■ 'a* 'retainer (70) secured to trie distal'end of the 
• - balloon 1 cathetepand- enclosing the sheath so 
" "' • as to prevent rolling up of- the sheath dista! end 
5 (30)-withouf 'securing the sheath distal and to 

■ "the balloon catheter. 

11. The assembly of claim 10, wherein the retainer (70) 
is Vecured'to the distal end of the balloon catheter 
10 by laser bonding (74). 



is 



5. The device of claim 1, wherein the retainer (70) is. 
comprised of material manufactured under' the 
■ : trademark "HYTREL" by the E.I. du PonVS'eNe- 
m burs' Company. u - --' . J 

! 6. The device' of claim t, wherein the 'retainer : (70) : is 
' formed from- an elastic material/ r ' ■ * ' - ; ' 

'•7." the device ; bf c T laim-'3; : wherefhihV-tiii portion (73) 
- "•' cbmprisVs^a tapeVM'^bf^ti'^/ iirs. y.u^ ..-i.:...^ 

8. A : 'method of pFeveMncfrbfl^ 
adapfedtb'adjacently^oveH 

lobn : cathWteY : (5) ; bf the^1nd : usedl6r delivering- and 
: - -Mmplahtinig f a r 'stent : (6d)V" w^ distaff end {36) of 
the ; sheath is not secured" tb : the balloon catheter, 
the method comprising!: ■ - ' '" * ; ' ; " " :n 

- positioning a retainer (70) for enclosing the dis- 
3 tal end of the sheath so as to enclose the distal 
■ ' : ' " end of the sheath without securing the distal 
end of the sheath to the balloon catheter; and 
securing the retainer to the distal end of the bal- 
loon catheter 1 " ' ! 

9. The method of claim 8, wherein the step of securing 
the retainer (70) to the distal end of the sheath com- 
prises laser'bonding (74). - 

10. An assembly for preventing rolling up r of the distal 
*- '■- ehd (30) of a sheath (20) adjacehtly covering a bal- 

'"■ loon portion' (35)of a balloon catheter (5)/'without 
v securing the' distal ehd ; of the sheath to tWe balloon 
catheter, comprising: i 

a balloon catheter (5) having a proximal end 
and a distal end and a balloon portion (35) k hear 
the distal end; 
" ; a tubular sheath (20) havings a distal end (30) 
' ahd J a proximal end*(25) and positioned so as 
' * ■ ; to adjacently cover a portion bf : the balloon 
catheter without being secured to a distal end 
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(54) Retainer for a stent-carrying balloon catheter 



(57) A retainer for a stent-carrying balloon catheter, 
which prevents rolling up of the distal end of a protective 
sheath during advancement of the catheter in a vessel, 
such as a coronary artery. The sheath distal end adja- 



cently covers a distal end of the balloon catheter without 
being secured thereto. The retainer extends over and 
encloses the expandable sheath, and is secured to the 
distal end of the balloon catheter, without securing the 
sheath distal end to the balloon catheter. 
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